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A composition for use in a heat transfer device such as a refrigeration or air crooning system is described which comprises: 
(A) at least one hydrofluorocarbon selected from the group consisting of difluoromethane (R-32) and 1,1,1-trifluoroethane (R-143a). (B) 
pentafluoroemane (R-125), (C) at least one hydrocarbon, and optionally (D) at least one hydrofluorocarbon selected from the group consisting 
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REFRIGERANT COMPOSITIONS 

This invention relates t refrigerant composhi ns and to the use f such 
compositions in heat transfer devices such as refrigeration and air conditioning systems. 
The invention relates, in particular, to refrigerant compositions which can be used in the 
5 air conditioning and low temperature refrigeration applications currently satisfied by 
chlorodifluoromethane (refrigerant R-22) and the azeotropic mixture of 
chlorodifluoromethane and chioropentafhioroethane (refrigerant R-l 1 5); the azeotrope 
being refrigerant R-502. 

Heat transfer devices of the mechanical compression type such as refrigerators, 
1 0 freezers, heat pumps and air conditioning systems are well known. In such devices a 
refrigerant liquid of a suitable boiling point evaporates at low pressure taking heat from 
a surrounding heat transfer fluid. The resulting vapour is then compressed and passes to 
a condenser where it condenses and gives offbeat to another heat transfer fluid. The 
condensate is then returned through an expansion valve to the evaporator so 
1 5 completing the cycle. The mechanical energy required for compressing the vapour and 
pumping the liquid may be provided by an electric motor or an internal combustion 
engine. 

In addition to having a suitable boiling point and a high latent heat of vaporisation, 
the properties preferred for a refrigerant include low toxicity, non-flammability, 
20 non-corrosivity, high stability and freedom from objectionable odour. 

Hitherto, heat transfer devices have tended to use fully and partially halogenated 
chlorofluorocarbon refrigerants such as trichiorofluoromethane (refrigerant R-l 1), 
dichlorodifluoromethane (refrigerant R-l 2), chlorodifluoromethane (refrigerant R-22) 
and the azeotropic mixture of chlorodifluoromethane and chloropentafluoroethane 
25 (refrigerant R-l 1 5); the azeotrope being refrigerant R-502. In particular, refrigerant 
R-22 has found widespread use in air conditioning and low temperature refrigeration 
applications while refrigerant R-502 has been widely used in low temperature 
refrigeration applications. 

However, the fully and partially halogenated chlorofluorocarbons have been 
0 implicated in the destruction of the earth's protective ozone layer and as a result the use 
and production thereof has been limited by international a gr eeme nt . 
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Whilst heat transfer devices of the type to which the present invention relates are 
essentially closed systems, loss of refrigerant to the atm sphere can occur due to 
leakage during operation of the equipment or during maintenance procedures. It is 
important, therefore, to replace fully and partially halogenated chlorofluorocarbon 
5 refrigerants by materials having low or zero ozone depletion potentials. 

Replacements for some of the chlorofluorocarbon refrigerants presently in use have 
already been developed. These replacement refrigerants tend to comprise selected 
hydrofluorocarbons, i.e. compounds which contain only carbon, hydrogen and fluorine 
atoms in their structure. Thus, refrigerant R-12 is generally being replaced by 

10 1,1,1,2-tetrafluoroethane (R-134a). 

In a heat transfer device, the refrigerant forms pan of a working fluid composition 
which also comprises a lubricant. The lubricant circulates around the device along with 
the refrigerant and provides for continual lubrication of the compressor. In addition to 
possessing good lubricity in the presence of the refrigerant, the properties desired of a 

15 lubricant include good hydrolytic stability and good thermal stability. Moreover, in 
order to provide for the return of the lubricant to the compressor, the lubricant should 
be compatible with the refrigerant, which in practice means that the lubricant and 
refrigerant should possess a degree of mutual solubility, i.e. the lubricant and the 
refrigerant should be at least partially soluble in one another. 

20 Hitherto, heat transfer devices have tended to use mineral oils as lubricants. The 
good solubility of chlorofluorocarbons with mineral oils allows the mineral oil to 
circulate around the heat transfer device together with the chlorofluorocarbon, and this 
in turn ensures effective lubrication of the compressor. Unfortunately, however, the 
replacement refrigerants tad to have different solubility characteristics to the 

25 chlorofluorocarbons presently in use and tend to be insufficiently soluble in mineral oils 
to allow the latter to be used as lubricants. 

Consequently, the need to replace the chlorofluorocarbon refrigerants has presented 
industry with very real difficulties, since not only is there the problem of finding a viable 
replacement refrigerant which has the required low or zero ozone depletion potential 

30 but also, in many cases, there is also the problem of developing a lubricant which will 
perform satisfactorily with the replacement refrigerant. 
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The present invention provides a refrigerant composition c mprising a mixture of 
compounds having zero ozone depletion potentials which can be used together with a 
mineral oil or alkyl benzene type lubricant in the air conditioning and low temperature 
refrigeration applications currently satisfied by refrigerants R-22 and R-502. 
5 According to the present invention there is provided a composition for use in a heat * 
transfer device such as a refrigeration or air conditioning system comprising: 

(A) at least one hydrofluorocarbon selected from the group consisting of 
difluoromethane (R-32) and 1,1,1 -trifluoroethane (R- 1 43a); 

(B) pentafluoroethane (R-125); 

10 (C) at least one hydrocarbon; and optionally 

(D) at least one hydrofluorocarbon selected from the group consisting of 

1,1 J,2-tetrafluoroethane(R-134a) and 1,1,2,2-tetrafluoroethane (R-134). 
The present invention also provides a heat transfer device, such as a refrigeration or 
air conditioning system, comprising an evaporator, a condenser, a compressor and an 
1 5 expansion valve in which there is contained a composition comprising: 

(A) at least one hydrofluorocarbon selected from the group consisting of 
difluoromethane (R-32) and 1,1,1-trifluoroethane (R-143a); 

(B) pentafluoroethane (R-125); 

(C) at least one hydrocarbon; and optionally 

20 (D) at least one hydrofluorocarbon selected from the group consisting of 

1,1,1,2-tetrafluoroethane (R-134a) and 1,1,2,2-tetrafluoroethane (R-134) 
The composition of the invention comprises at least components A to C. 
Component (A) comprises at least one hydrofluorocarbon selected from the group 
consisting of difluoromethane (R-32) and 1,1,1-trifluoroethane (R-143a). Although 
25 component (A) may be a mixture of R-32 and R- 143 a, it will preferably contain just one 
of these compounds. 

Component (B) is pentafluoroethane (R-125) which can form an azeotropic or 
azeotrope-like mixture with the R-32 and/or R-143a making up component (A). 
The at least one hydrocarbon making up component (C) tends to dissolve in a 
30 mineral oil or alkyl benzene lubricant and this property can allow the composition of the 
invention to transport such a lubricant around a heat transfer device and return it to the 
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compressor. As a result, heat transfer devices which employ the comp sition of the 
invention as the refrigerant may be able to employ inexpensive lubricants based on 
mineral oils or alkyl benzenes to lubricate the compressor. 

Suitable hydrocarbons for inclusion in the composition of the invention are those 
5 containing from 2 to 6 carbon atoms, with hydrocarbons containing from 3 to 5 carbon 
atoms, such as propane, butane, isobutane, pentane and isopentane, being preferred. 
Propane and pentane are particularly preferred hydrocarbons, with pentane being 
especially preferred. 

The composition of the invention may also contain a fourth component (component 

1 0 (D)) comprising at least one hydrofluorocarbon selected from the group consisting of 
l,U,2-tetrafluoroethane (R-134a) and 1,1,2,2-tetrafluoroethane (R-134). Although 
component (D) (if included) may be a mixture of R-134a and R-134, it will preferably 
contain just one of these compounds and more preferably will contain just R-134a. 
The amounts of the various components in the composition of the invention may be 

1 5 varied within wide limits, but typically the composition will comprise from 10 to 70 % 
by weight of component (A), from 10 to 80 % by weight of component (B), from 1 to 
10 % by weight of component (Q and from 0 to 60 % by weight (for example, from 1 
to 60 % by weight) of component (D). 

When the composition does not include the optional component (D), it will 

20 preferably comprise from 20 to 60 % by weight, more preferably from 35 to 60 % by 
weight, of component (A), from 20 to 60 % by weight, more preferably from 35 to 
60 % by weight, of component (B) and from 1 to 7 % by weight, more preferably from 
2 to 6 % by weight, of component (C). Compositions of the invention which do not 
contain the optional component (D) may be used as a replacement for refrigerant R-22 

25 when component (A) is R-32 and as a replacement for refrigerant R-502 when 
component (A) is R-143a. 

When the optional component (D) is included, compositions of the invention which 
comprise R-143a as component (A) and R-134a as the component (D) may be used as a 
replacement for refrigerant R-502 and will preferably comprise from 20 to 60 % by 

30 weight, more preferably from 35 to 60 % by weight, of R-143a, from 20 to 60 % by 
weight, more preferably from 35 to 60 % by weight, of R- 125, from 1 to 7 % by 
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weight, more preferably from 2 to 6 % by weight, of a hydrocarbon and from I to 20 % 
by weight, more preferably from 1 to 10 °/o by weight, of R-134a. 

When the optional component (D) is included, compositions of the invention which 
comprise R-32 as component (A) and R-134a as the component (D) may be used as a 
5 replacement for refrigerant R-502 and will preferably comprise from 10 to 30 % by 
weight, more preferably from 10 to 25 % by weight, of R-32, from 30 to 80 % by 
weight, more preferably from 35 to 75 % by weight, of R-125, from 1 to 7 % by 
weight, more preferably from 2 to 6 % by weight, of a hydrocarbon and from 9 to 50 % 
by weight, more preferably from 13 to 45 % by weight, of R- 134a. 
10 When the optional component (D) is included, compositions of the invention which 
comprise R-32 as component (A) and R-134a as the component (D) may also be used 
as a replacement for refrigerant R-22 and will preferably comprise from 10 to 30 % by 
weight, more preferably from 15 to 30 % by weight, of R-32, from 20 to 45 % by 
weight, more preferably from 20 to 30 % by weight, of R-125, from 1 to 7 % by 
1 5 weight, more preferably from 2 to 6 % by weight, of a hydrocarbon and from 30 to 
55 % by weight, more preferably from 45 to 55 % by weight, of R- 134a. 

The composition of the present invention may be used to provide the desired cooling 
in heat transfer devices such as air conditioning and low temperature refrigeration 
systems by a method which involves condensing the composition and thereafter 
20 evaporating it in a heat exchange relationship with a heat transfer fluid to be cooled. 
The composition of the invention may be employed as a replacement for refrigerant 
R-22 in air conditioning and low temperature refrigeration applications or as a 
replacement for R-502 in low temperature refrigeration applications. 

The present invention is now illustrated but not limited with reference to the 
25 following examples. 

Examples Uq 3 art Cqmpqnttivq fixampit 1 

In Examples 1 to 3 three compositions of the invention comprising difluororoethane 
30 (R-32), pentafluoroethane (R-125), 1,1,1,2-tetrafluoroethane (R-134a) and n-pentane 
were evaluated in order to determine their performance in a refrigeration cycle of the 
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type prevailing in an air conditioning system and to determine the ability of the 
n-pentane component to allow lubricants based on mineral oils to be used in 
combination with such compositions. In Comparative Example 1 the performance of a 
composition comprising difluoromethane, pentafluoroethane and 
5 1,1,1 ,2-tetrafluoroethane was evaluated. 

All of the compositions tested are non-azeotropic or zeotropic mixtures and, as a 
result, a slight compositional shift tends to arise on operation of the refrigeration or air 
conditioning system so that the composition which circulates around the system will not 
have exactly the same amounts of the constituent components as the composition which 
10 is actually charged to the system. Two mechanisms are believed to be primarily 
responsible for bringing about this compositional shift. The first of these is the 
vapour/liquid volume fraction effect, i.e. the relative volumes of vapour and liquid in 
both the high pressure and low pressure sides of the system expressed as a fraction. For 
a direct expansion system. 0.08 (8 %) of the total volume of the evaporator and 0.2S 
1 5 (25 %) of the total volume of the condenser will typically contain liquid refrigerant. The 
second mechanism is the differential solubility of the various components making up the 
composition in the compressor lubricant which is subject to such factors as the sump 
temperature, the pressure of the suction gas passing over the sump and the amount of 
oil in the system relative to the amount of refrigerant. These two mechanisms of 
20 compositional shift and a detailed method for calculating the precise composition of a 
circulating mixture which results from a particular charged mixture are documented in 
the article "Composition Shifts of Zeotropic Hydrofiuorocarbon Refrigerants in 
Service" by S Corr etalin ASHRAE Transactions 1994, Volume 100, Part 2, pages 
538 to 546 (reference (I)). 
25 In each of Examples 1 to 3 and in Comparative Example 1, the evaluation was 
carried out on the circulating composition which was calculated from the charged 
composition using the conditions given below in accordance with the method described 
in reference (I). 

30 
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Mean Evap rator Temperature: 0°C 

Mean Condenser Temperature: 45°C 

Liquid Volume Fraction in Evaporator: 0.08 

5 Liquid Volume Fraction in Condenser 0.25 

Weight of OB Charge/Weight of Refrigerant Charge: 0.20 

Oil Sump Temperature: 70°C 



(The circulating refrigerant passes over the oil sump at suction pressure which is taken 
10 to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 1 to 3 
and Comparative Example 1 are given in Table 1 . 

The performance of the four circulating compositions listed in Table 1 in a 
1 5 refrigeration cycle of the type prevailing in an air conditioning system was then 
investigated using standard refrigeration cycle analysis techniques. The following 
operating conditions were used in the cycle analysis. 



Mean Evaporator Temperature: 0°C 

20 Mean Condenser Temperature: 45°C 

Amount of Superheat: 15°C 

Amount of Subcooiing: 1 0°C 

Isentropic Compressor Efficiency: 100 % 

Cooling Duty: 1 kW 



The results of analysing the performance of the four compositions in an air conditioning 
cycle using these operating conditions are given in Table 2. The results for the 
coefficient of performance (COP) and the refrigeration capacity in Table 2 are relative 
to the known refrigerant chlorodifluoromethane (R-22) under the same conditions. 
0 The performance parameters of the four compositions which are presented in Table 
2, i.e. condenser pressure, evaporator pressure, discharge temperature, refrigeration 
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capacity (by which is meant the cooling duty achieved per unit swept volume of the 
compressor) and coefficient of performance (COP) (by which is meant the ratio of 
cooling duty achieved to mechanical energy supplied to the compressor) are all an 
recognised parameters. 
5 The compositions of Examples 1 to 3 were then subjected to a further evaluation in 
order to determine the solubility of the n-pentane component which they contain in an 
ISO 32 mineral oil lubricant. For each Example, the solubility (by which we mean the 
weight of n-pentane dissolved in the mineral oil divided by the total weight of n-pentane 
and mineral oil expressed as a percentage) was calculated in the standard way at the 

1 0 mean evaporator temperature of 0 C C from the evaporator pressures given in Table 2 
and the vapour/liquid equilibrium (VLE) properties of the mineral oil/n-pentane 
mixture. The calculated solubilities were then used to determine the viscosities (at 0°C) 
of the resulting mineral oil/n-pentane mixtures which result when the compositions of 
Examples 1 to 3 are combined with the ISO 32 mineral oil lubricant. 

15 In the composition of Example 1 , which contained 2.0 % by weight of n-pentane 
when charged and 1.5 % by weight of n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 6.5 % weight/weight and this 
generated a mineral oil/n-pentane rnixture having a viscosity at 0°C of 72 Cp. 
In the composition of Example 2, which contained 4.0 % by weight of n-pentane 

20 when charged and 2.7 % by weight of n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 8.4 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 53 Cp. 

In the composition of Example 3, which contamed 6.0 % by weight of n-pentane 
when charged and 3.6 % by weight of n-pentane when circulating in the system, the 

25 solubility of the n-pentane in the ISO 32 mineral oil was 9.6 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 43 Cp. 
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^ Examples 4 to 6 and Com parative Example 2 

In Examples 4 to 6 three compositions of the invention comprising difluoromethane 
(R-32), pemafluoroethane (R-125) and n-pemane were evaluated in order to determine 
their performance in a refrigeration cycle of the type prevailing in an air conditioning 
system and to determine the ability of the n-pemane component to allow lubricants 
based on mineral oils to be used in combination with such compositions. In 
Comparative Example 2 the performance of a composition comprising difluoromethane 
and pemafluoroethane was evaluated. 

As before, all of the compositions tested are non-azeotropic or zeotropic mixtures so 
that a slight compositional shift tends to arise on operation of the refrigeration or air 
conditioning system. In consequence, in each of Examples 4 to 6 and in Comparative 
Example 2, the evaluation was carried out on the circulating composition which was 
calculated from the charged composition using the conditions given below in 
accordance with the method described in reference (1). 



Mean Evaporator Temperature: 0°C 

Mean Condenser Temperature: 4S°C 

Liquid Volume Fraction in Evaporator 0.08 

Liquid Volume Fraction in Condenser 0.2S 

Weight of Oil Charge/Weight of Refrigerant Charge: 0.20 

Oil Sump Temperature: 70°C 



(The circulating refrigerant passes over the oil sump at suction pressure which is taken 
to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 4 to 6 
and Comparative Example 2 are given in Table 3. • 

The performance of the four circulating compositions listed in Table 3 in a 
refrigeration cycle of the type prevailing in an air conditioning system was then 
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investigated using standard refrigeration cycle analysis techniques. The following 
operating conditions were used in the cycle analysis. 

Mean Evaporator Temperature: 
5 Mean Condenser Temperature: 
Amount of Superheat: 
Amount of Subcooling: 
Isemropic Compressor Efficiency: 
Cooling Duty: 

10 

The results of analysing the performance of the four compositions in an air conditioning 
cycle using these operating conditions are given in Table 4. The results for the 
coefficient of performance (COP) and the refrigeration capacity in Table 4 are relative 
to the known refrigerant chlorodifluoromethane (R-22) under the same conditions. 

1 5 The compositions of Examples 4 to 6 were then subjected to a further evaluation in 
order to determine the solubility of the n-pentane component which they contain in an 
ISO 32 mineral oil lubricant. For each Example, the solubility was calculated in the 
standard way at the mean evaporator temperature of 0°C from the evaporator pressures 
given in Table 4 and the vapour/liquid equilibrium (VIE) properties of the mineral 

20 oil/n-pentane mixture. The calculated solubilities were then used to determine the 
viscosities (at 0°C) of the resulting mineral oil/n-pentane mixtures which result when 
the compositions of Examples 4 to 6 are combined with the ISO 32 mineral oil 
lubricant. 

In the composition of Example 4, which contained 2.0 % by weight of n-pentane 
25 when charged and 1 .0 % by weight of n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 6.3 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 74 Cp. 

In the composition of Example 5, which contained 4.0 % by weight of n-pentane 
when charged and 2.0 % by weight of n-pentane when circulating in the system, the 
30 solubility of the n-pentane in the ISO 32 mineral oil was 8. 1 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 55 Cp. 
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In the composition of Example 6, which contained 6.0 % by weight of n-pentane 
when charged and 2.7 % by weight of n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 9.4 % weight/weight and this 
generated a mineral oil/n-pemane mixture having a viscosity at 0°C of 44 Cp. 
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Examples 7 to 9 and Compar ative Example 3 

In Examples 7 to 9 three compositions of the invention comprising pentafluoroethane 
(R-125), l,l,l-trifluoroethane(R-143a), l f l,l,2-tetrafluoroethane(R- 134a) and 
5 n-pentane were evaluated in order to determine their performance in a refrigeration 
cycle of the type prevailing in an air conditioning system and to determine the ability of 
the n-pentane component to allow lubricants based on mineral oils to be used in 
combination with such compositions. In Comparative Example 3 the performance of a 
composition comprising pentafluoroethane, 1,1 ,1-trifluoroethane and 

10 1,1,1 ,2-tetrafluoroethane was evaluated. 

As before, all of the compositions tested are non-azeotropic or zeotropic mixtures so 
that a slight compositional shift tends to arise on operation of the refrigeration or air 
conditioning system. In consequence, in each of Examples 7 to 9 and in Comparative 
Example 3, the evaluation was earned out on the circulating composition which was 

1 5 calculated from the charged composition using the conditions given below in 
accordance with the method described in reference (1). 

Mean Evaporator Temperature: 
Mean Condenser Temperature: 
20 Liquid Volume Fraction in Evaporator: 
Liquid Volume Fraction in Condenser: 
Weight of Oil Charge/Weight of Refrigerant Charge: 
Oil Sump Temperature: 

25 (The circulating refrigerant passes over the oil sump at suction pressure which is taken 
to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 7 to 9 
and Comparative Example 3 are given in Table 5. 
30 The performance of the four circulating compositions listed in Table 5 in a 
refrigeration cycle of the type prevailing in an air conditioning system was then 



0°C 
45°C 
0.08 
0.25. 
0.20 
70°C 
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investigated using standard refrigeration cycle analysis techniques. The following 
operating conditions were used in the cycle analysis. 

Mean Evaporator Temperature: 0°C 

5 Mean Condenser Temperature: 45°C 

Amount of Superheat: 15°C 

Amount of Subcooling: 1 0°C 

Isentropic Compressor Efficiency: 100 % 

Cooling Duty: 1 kW 

10 



The results of analysing the performance of the four compositions in an air conditioning 
cycle using these operating conditions are given in Table 6. The results for the 
coefficient of performance (COP) and the refrigeration capacity in Table 6 are relative 
to the known refrigerant chlorodifluoromethane (R-22) under the same conditions. 
1 5 The compositions of Examples 7 to 9 were then subjected to a further evaluation in 
order to determine the solubility of the n-pentane component which they contain in an 
ISO 32 mineral oil lubricant. For each Example, the solubility was calculated in the 
standard way at the mean evaporator temperature of 0°C from the evaporator pressures 
given in Table 6 and the vapour/liquid equilibrium (VLE) properties of the mineral 
20 oil/n-pentane mixture. The calculated solubilities were then used to determine the 
viscosities (at 0°C) of the resulting mineral oil/n-pemane mixtures which result when 
the compositions of Examples 7 to 9 are combined with the ISO 32 mineral oil 
lubricant. 

In the composition of Example 7, which contained 2.0 % by weight of n-pentane 
25 when charged and 1.1 % by weight of n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 6.7% weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 69 Cp. 

In the composition of Example 8, which contained 4.0 % by weight of n-pentane 
when charged and 2.1 % by weight of n-pentane when circulating in the system, the 
30 solubility of the n-pentane in the ISO 32 mineral oil was 8.6 % weight/weight and this 
generat d a mineral oil/n-pentane mixture having a viscosity at 0°C of S3 Cp. 
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In the corap sition of Example 9, which contained 6.0 % by weight of n-pentane 
when charged and 2.8 % by weight f n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 9.8 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 43 Cp. 
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Examples \0 \o }2 and CQPipqmiVQ Exampte 4 

In Examples 10 to 12 three compositions of the invention comprising pentafiuoroethane 
5 (R-125), l f 1, 1-trifluoroethane (R-143a) and n-pemane were evaluated in order to 
determine their performance in a refrigeration cycle of the type prevailing in an air 
conditioning system and to determine the ability of the n-pemane component to allow 
lubricants based on mineral oils to be used in combination with such compositions. In 
Comparative Example 4 the performance of a composition comprising 

1 0 pentafiuoroethane and 1,1,1 -trifluoro ethane was evaluated. 

As before, none of the compositions tested are true azeotropes so that a slight 
compositional shift tends to arise on operation of the refrigeration or air conditioning 
system. In consequence, in each of Examples 10 to 12 and in Comparative Example 4, 
the evaluation was carried out on the circulating composition which was calculated 

15 from the charged composition using the conditions given below in accordance with the 
method described in reference (1). 



Mean Evaporator Temperature: 0°C 

Mean Condenser Temperature: 45°C 

20 Liquid Volume Fraction in Evaporator 0.08 

Liquid Volume Fraction in Condenser 0.25 

Weight of Oil Charge/Weight of Refrigerant Charge: 0.20 

Oil Sump Temperature: 70°C 



25 (The circulating refrigerant passes over the oil sump at suction pressure which is taken 
to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 10 to 
12 and Comparative Example 4 are given in Table 7. 
30 The performance of the four circulating compositions listed in Table 7 in a 
refrigeration cycle of the type prevailing in an air conditioning system was then 
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10 



investigated using standard refrigeration cycle analysis techniques. The following 
operating conditions were used in the cycle analysis. 

Mean Evaporator Temperature: 0°C 

Mean Condenser Temperature: 45°C 

Amount of Superheat: * 5 ° c 

Amount of Subcooling: 1 0°C 

Isentropic Compressor Efficiency: 1 00 % 

Cooling Duty: 1 kW 



The results of analysing the performance of the four compositions in an air conditiofttng 
cycle using these operating conditions are given in Table 8. The results for the 
coefficient of performance (COP) and the refrigeration capacity in Table 8 are relative 
to the known refrigerant chlorodifluoromethane (R-22) under the same conditions. 

1 5 The compositions of Examples 10 to 12 were then subjected to a further evaluation 
in order to determine the solubility of the n-pentane component which they contain in 
an ISO 32 mineral oil lubricant For each Example, the solubility was calculated in the 
standard way at the mean evaporator temperature of 0°C from the evaporator pressures 
given in Table 8 and the vapour/liquid equilibrium (VLE) properties of the mineral 

20 oil/n-pentane mixture. The calculated solubilities were then used to determine the 
viscosities (at 0°C) of the resulting mineral oil/n-pentane mixtures which result when 
the compositions of Examples 10 to 12 are combined with the ISO 32 mineral oil 
lubricant. 

In the composition of Example 10, which contained 2.0 % by weight of n-pentane 
25 when charged and 1.1% by weight of n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 6.7 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 69 Cp. 

In the composition of Example 1 1, which contained 4.0 % by weight of n-pentane 
when charged and 2.0 % by weight of n-pentane when circulating in the system, the 
30 solubility of the n-pentane in the ISO 32 mineral oil was 8.5 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 52 Cp. 
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In the composition f Example 12, which contained 6.0 % by weight of n-pentane 
when charged and 2.7 % by weight of n-pentane when circulating in the system, the 
solubility of the n-pentane in the ISO 32 mineral oil was 9.7 % weight/weight and this 
generated a mineral oil/n-pentane mixture having a viscosity at 0°C of 43 Cp. 
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Examples 13 to IS and Comparative Example 5 

In Examples 13 to IS three compositions of the invention comprising difluoromethane 
5 (R-32), pentafluoroethane (R-125), 1,1, 1,2-tetrafluoroethane (R-134a) and propane 
(R-290) were evaluated in order to determine their performance in a refrigeration cycle 
of the type prevailing in an air conditioning system and to determine the ability of the 
propane component to allow lubricants based on mineral oils to be used in combination 
with such compositions. In Comparative Example 5 the performance of a composition 
1 0 comprising difluoromethane, pentafluoroethane and 1,1,1 ,2-tetrafluoroethane was 
evaluated. 

As before, ail of the compositions tested are non-azeotropic or zeotropic mixtures so 
that a slight compositional shift tends to arise on operation of the refrigeration or air 
conditioning system. In consequence, in each of Examples 13 to IS and in Comparative 
I S Example S, the evaluation was carried out on the circulating composition which was 
calculated from the charged composition using the conditions given below in 
accordance with the method described in reference (1). 



Mean Evaporator Temperature: 


0°C 


Mean Condenser Temperature: 


45°C 


Liquid Volume Fraction in Evaporator: 


0.08 


Liquid Volume Fraction in Condenser: 


0.25 


Weight of Oil Charge/Weight of Refrigerant Charge: 


0.20 


Oil Sump Temperature: 


70°C 



25 

(The circulating refrigerant passes over the oil sump at suction pressure which is taken 
to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 13 to 
30 1 5 and Comparative Example 5 are given in Table 9. 
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The performance of the four circulating compositions listed in Table 9 in a 
refrigeration cycle of the type prevailing in an air conditi ning system was then 
investigated using standard refrigeration cycle analysis techniques. The following 
operating conditions were used in the cycle analysis. 

5 

Mean Evaporator Temperature: 
Mean Condenser Temperature: 
Amount of Superheat: 
Amount of Subcooling: 
1 0 Isentropic Compressor Efficiency: 
Cooling Duty: 



0°C 
45°C 
15°C 
I0°C 
100% 
1 kW 



The results of analysing the performance of the four compositions in an air conditioning 
cycle using these operating conditions are given in Table 10. The results for the 
1 5 coefficient of performance (COP) and the refrigeration capacity in Table 1 0 are relative 
to the known refrigerant chlorodifluoromethane (R-22) under the same conditions. 

The compositions of Examples 13 to 15 were then subjected to a further evaluation 
in order to determine the solubility of the propane component which they contain in an 
ISO 32 mineral oil lubricant. For each Example, the solubility (by which we mean the 

20 weight of propane dissolved in the mineral oil divided by the total weight of propane 
and mineral oil expressed as a percentage) was calculated in the standard way at the 
mean evaporator temperature of 0°C from the evaporator pressures given in Table 10 
and the vapour/liquid equilibrium (VLE) properties of the mineral oil/propane mixture. 
The calculated solubilities were then used to determine the viscosities (at 0°C) of the 

25 resulting mineral oil/propane mixtures which result when the compositions of Examples 
13 to 1 5 are combined with the ISO 32 mineral oil lubricant. 

In the composition of Example 13, which contained 2.0 % by weight of propane 
when charged and 1 .8 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 1.2 % weight/weight and this 

30 generated a mineral oil/propane mixture having a viscosity at 0°C of 1 88 Cp 
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In the composition of Example 14, which contained 4.0 % by weight f propane 
when charged and 3.8 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 2.0 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 168 Cp. 

In the composition of Example 15, which comained 6.0 % by weight of propane 
when charged and 5.9 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 2.8 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 140 Cp. 
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Examples 1 6 to 1 8 and Comparative Example 6 

In Examples 16 to 18 three compositions of the invention comprising difluoromethane 
5 (R-32), pentafluoroethane (R-125) and propane (R-290) were evaluated in order to 
determine their performance in a refrigeration cycle of the type prevailing in an air 
conditioning system and to determine the ability of the propane component to allow 
lubricants based on mineral oils to be used in combination with such compositions. In 
Comparative Example 6 the performance of a composition comprising difluoromethane 
1 0 and pentafluoroethane was evaluated. 

As before, all of the compositions tested are non-azeotropic or zeotropic mixtures so 
that a slight compositional shift tends to arise on operation of the refrigeration or air 
conditioning system. In consequence, in each of Examples 16 to 18 and in Comparative 
Example 6, the evaluation was carried out on the circulating composition which was 
1 5 calculated from the charged composition using the conditions given below in 
accordance with the method described in reference ( 1 ). 



Mean Evaporator Temperature: 0°C 

Mean Condenser Temperature: 45°C 

20 Liquid Volume Fraction in Evaporator 0.08 

Liquid Volume Fraction in Condenser 0.25 

Weight of Oil Charge/Weight of Refrigerant Charge: 0.20 

Oil Sump Temperature: 70°C 



25 (The circulating refrigerant passes over the oil sump at suction pressure which is taken 
to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 16 to 
1 8 and Comparative Example 6 are given in Table 11. 
30 The performance of the four circulating compositions listed in Table 1 1 in a 
refrigeration cycle of the type prevailing in an air conditioning system was then 
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investigated using standard refrigeration cycle analysis techniques. The following 
operating conditi ns were used in the cycle analysis. 

Mean Evaporator Temperature: 0°C 

5 Mean Condenser Temperature: 45°C 

Amount of Superheat: 1 5°C 

Amount of Subcooling: 1 0°C 

Isentropic Compressor Efficiency: 100 % 

Cooling Duty: 1 kW 

10 



The results of analysing the performance of the four compositions in an air conditioning 
cycle using these operating conditions are given in Table 12. The results for the 
coefficient of performance (COP) and the refrigeration capacity in Table 12 are relative 
to the known refrigerant chlorodifluoromethane (R-22) under the same conditions. 

1 S The compositions of Examples 16 to 18 were then subjected to a further evaluation 
in order to determine the solubility of the propane component which they contain in an 
ISO 32 mineral oil lubricant. For each Example, the solubility was calculated in the 
standard way at the mean evaporator temperature of 0°C from the evaporator pressures 
given in Table 12 and the vapour/liquid equilibrium (VLE) properties of the mineral 

20 oil/propane mixture. The calculated solubilities were then used to determine the 

viscosities (at 0°C) of the resulting mineral oil/propane mixtures which result when the 
compositions of Examples 16 to 18 are combined with the ISO 32 mineral oil lubricant. 

In the composition of Example 16, which contained 2.0 % by weight of propane 
when charged and 1.8 % by weight of propane when circulating in the system, the 

25 solubility of the propane in the ISO 32 mineral oil was 1.3 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 187 Cp. 

In the composition of Example 17, which contained 4.0 % by weight of propane 
when charged and 3.6 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 2.3 % weight/weight and this 

30 generated a mineral oil/propane mixture having a viscosity at 0°C of 1 57 Cp. 
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In the comp sition f Example 18, which contained 6.0 % by weight of propane 
when charged and 5.6 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 3.2 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 130 Cp. 
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Examples 19 to 21 and Comparative Example 7 

In Examples 19 to 21 three compositions of the invention comprising pentafluoroethane 
5 (R-125), 1,1,1 -trifluoroethane (R- 1 43a), 1 , 1 , 1 ,2-tetrafluoroethane (R- 1 34a) and 
propane (R-290) were evaluated in order to determine their performance in a 
refrigeration cycle of the type prevailing in an air conditioning system and to determine 
the ability of the propane component to allow lubricants based on mineral oils to be 
used in combination with such compositions. In Comparative Example 7 the 

1 0 performance of a composition comprising pentafluoroethane, 1,1,1 -trifluoroethane and 
1, 1,1,2-tetrafluoroethane was evaluated. 

As before, all of the compositions tested are non-azeotropic or zeotropic mixtures so 
that a slight compositional shift tends to arise on operation of the refrigeration or air 
conditioning system. In consequence, in each of Examples 19 to 21 and in Comparative 

1 S Example 7, the evaluation was carried out on the circulating composition which was 
calculated from the charged composition using the conditions given below in 
accordance with the method described in reference (1). 

Mean Evaporator Temperature: 
20 Mean Condenser Temperature: 

Liquid Volume Fraction in Evaporator: 
Liquid Volume Fraction in Condenser: 
Weight of Oil Charge/Weight of Refrigerant Change: 
Oil Sump Temperature: 

25 

(The circulating refrigerant passes over the oil sump at suction pressure which is taken 
to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 19 to 
30 21 and Comparative Example 7 are given in Table 13. 



0°C 
45°C 
0.08 
0.25 
0.20 
70°C 
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The performance of the f ur circulating compositi ns listed in Table 13 in a 
refrigeration cycle of the type prevailing in an air conditioning system was then 
investigated using standard refrigeration cycle analysis techniques. The following 
operating conditions were used in the cycle analysis. 

5 

Mean Evaporator Temperature: 
Mean Condenser Temperature: 
Amount of Superheat: 
Amount of Subcooling: 
1 0 Isentropic Compressor Efficiency: 
Cooling Duty: 

The results of analysing the performance of the four compositions in an air conditioning 
cycle using these operating conditions are given in Table 14. The results for the 
1 5 coefficient of performance (COP) and the refrigeration capacity in Table 14 are relative 
to the known refrigerant chlorodifiuoromethane (R-22) under the same conditions. 

The compositions of Examples 19 to 21 were thai subjected to a further evaluation 
in order to determine the solubility of the propane component which they contain in an 
ISO 32 mineral oil lubricant. For each Example, the solubility was calculated in the 
20 standard way at the mean evaporator temperature of 0°C from the evaporator pressures 
given in Table 14 and the vapour/liquid equilibrium (VLE) properties of the mineral 
oil/propane mixture. The calculated solubilities were then used to determine the 
viscosities (at 0°C) of the resulting mineral oil/propane mixtures which result when the 
compositions of Examples 19 to 21 are combined with the ISO 32 mineral oil lubricant. 
25 In the composition of Example 19, which contained 2.0 % by weight of propane 
when charged and 1 .7 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 1.4 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 1 86 Cp 
In the composition of Example 20, which contained 4.0 % by weight of propane 
30 when charged and 3 .6 % by weight of propane when circulating in the system, the 



0°C 
45°C 
15°C 
10°C 
100% 
1 kW 
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solubility of the propane in the ISO 32 mineral oil was 2.3 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 1 57 Cp. 

In the composition of Example 21, which contained 6.0 % by weight of propane 
when charged and 5.5 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 3.3 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 13 1 Cp. 
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Examples 22 to 24 and Comparative Example 8 

In Examples 22 to 24 three compositions of the invention comprising pentafluoroethane 
5 (R-125), 1,1,1-trifluoroethane (R-143a) and propane (R-290) were evaluated in order 
to determine their performance in a refrigeration cycle of the type prevailing in an air 
conditioning system and to determine the ability of the propane component to allow 
lubricants based on mineral oils to be used in combination with such compositions. In 
Comparative Example 8 the performance of a composition comprising 

1 0 pentafluoroethane and 1, 1,1-trifluoroethane was evaluated. 

As before, none pf the compositions tested are true azeotropes so that a slight 
compositional shift tends to arise on operation of the refrigerationi or air conditioning 
system. In consequence, in each of Examples 22 to 24 and in Comparative Example 8, 
the evaluation was carried out on the circulating composition which was calculated 

1 5 from the charged composition using the conditions given below in accordance with the 
method described in reference ( I ). 



Mean Evaporator Temper a t u re: 0°C 

Mean Condenser Temperature: 45°C 

20 Liquid Volume Fraction in Evaporator: 0.08 

Liquid Volume Fraction in Condenser 0.2S 

Weight of Oil Charge/Weight of Refrigerant Charge: 0.20 

Oil Sump Temperature: 70°C 



25 (The circulating refrigerant passes over the oil sump at suction pressure which is taken 
to be the evaporator pressure under the above conditions.) 

The charged composition and the circulating composition for each of Examples 22 to 
24 and Comparative Example 8 are given in Table IS. 
30 The performance of the four circulating compositions listed in Table 1 5 in a 
refrigeration cycle of the type prevailing in an air conditioning system was then 
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investigated using standard refrigeration cycle analysis techniques. The following 
operating conditions were used in the cycle analysis. 

Mean Evaporator Temperature: 0°C 

5 Mean Condenser Temperature: 45°C 

Amount of Superheat: 1 S°C 

Amount of Subcooling: 1 0°C 

Isentropic Compressor Efficiency: 100 % 

Cooling Duty: 1 kW 

10 



The results of analysing the performance of the four compositions in an air conditioning 
cycle using these operating conditions are given in Table 16. The results for the 
coefficient of performance (COP) and the refrigeration capacity in Table 16 are relative 
to the known refrigerant chlorodifiuoromethane (R-22) under the same conditions. 
1 5 The compositions of Examples 22 to 24 were then subjected to a further evaluation 
in order to determine the solubility of the propane component which they contain in an 
ISO 32 mineral oil lubricant For each Example, the solubility was calculated in the 
standard way at the mean evaporator temperature of 0°C from the evaporator pressures 
given in Table 16 and the vapour/liquid equilibrium (VLE) properties of the mineral 
20 oil/propane mixture. The calculated solubilities were then used to determine the 

viscosities (at 0°C) of the resulting mineral oil/propane mixtures which result when the 
compositions of Examples 22 to 24 are combined with the ISO 32 mineral oil lubricant. 

In the composition of Example 22, which contained 2.0 % by weight of propane 
when charged and 1 .7 % by weight of propane when circulating in the system, the 
25 solubility of the propane in the ISO 32 mineral oil was 1.4 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 1 86 Cp. 

In the composition of Example 23, which contained 4.0 % by weight of propane 
when charged and 3.6 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 2.3 % weight/weight and this 
30 generated a mineral oil/propane mixture having a viscosity at 0°C of 157 Cp. 
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In the composhi n of Example 24, which contained 6.0 % by weight of propane 
when charged and 5.5 % by weight of propane when circulating in the system, the 
solubility of the propane in the ISO 32 mineral oil was 3.2 % weight/weight and this 
generated a mineral oil/propane mixture having a viscosity at 0°C of 130 Cp. 
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The viscosity of the ISO 32 mineral oil alone at 0°C is 300 Cp, and so it is apparent 
from the above Examples that both the n-pentane and propane substantially reduce the 
viscosity of the mineral oil. In both refrigeration and air-conditioning systems it is 
S important that the viscosity of the lubricant in the evaporator and suction line is low 
enough to allow for the return of the lubricant to the compressor. Since the n-pentane 
contained in the compositions of Examples 1 to 12 and the propane contained in the 
compositions of Examples 13 to 24 reduce the viscosity of the mineral oil lubricant at 
the kind of temperatures that typically prevail in an evaporator and suction line, this 
1 0 should facilitate the return of that lubricant to the compressor and may allow such 
lubricants to be used in combination with the compositions of the invention. 
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Claims: 

1. A composition comprising: 

(A) at least one hydrofluorocarbon selected from the group consisting of 
5 difiuoromethane and 1,1,1 -trifiuoroethane; 

(B) pentafluoroethane; and 

(C) at least one hydrocarbon. 

2. A composition as claimed in claim 1 wherein component (A) is difiuoromethane. 

3. A composition as claimed in claim 1 wherein component (A) is 1,1,1 -trifiuoroethane. 
10 4 . A composition as claimed in any one of claims 1 to 3 wherein component (C) is 

propane, pentane or a mixture thereof. 

5. A composition as claimed in any one of claims 1 to 4 which comprises from 10 to 70 
% by weight of component (A), from 10 to 80 % by weight of component (B) and from 
1 to 10 % by weight of component (C). 
IS 6. A composition as claimed in claim 5 which comprises from 20 to 60 % by weight of 
component (A), from 20 to 60 % by weight of component (B) and from 1 to 7 % by 
weight of component (C). 

7. A composition as claimed in claim 6 which comprises from 35 to 60 % by weight of 
component (A), from 35 to 60 % by weight of component (B) and from 2 to 6 % by 

20 weight of component (C). 

8. A composition comprising: 

(A) at least one hydrofluorocarbon selected from the group consisting of 
difiuoromethane and 1,1,1 -trifiuoroethane; 

(B) pentafluoroethane; 

25 (C) at least one hydrocarbon; and 

(D) at least one hydrofluorocarbon selected from the group consisting of 
1, 1, 1,2-tetrafluoroethane and 1, 1,2,2- tetrafluoroethane. 

9. A composition as claimed in claim 8 wherein component (C) is propane, pentane or 
a mixture thereof. 

30 10. A composition as claimed in claim 8. or claim 9 wherein component (A) is 
difiuoromethane. 
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11. A composition as claimed in claim 8 or claim 9 wherein component (A) is 
1,1,1 -trifluoroethane. 

12. A composition as claimed in any one of claims 8 to 1 1 which comprises from 
10 to 70 % by weight of component (A), from 10 to 80 % by weight of component (B), 

5 from 1 to 10 % by weight of component (C) and from 1 to 60 % by weight of 
component (D). 

13. A composition as claimed in claim 10 which comprises from 10 to 30 % by 
weight of difluoromethane, from 30 to 80 % by weight of pentafiuoroethane, from 1 to 
7 % by weight of a hydrocarbons) and from 9 to 50 % by weight of 

10 1,1,1 ,2-tetrafluoroethane. 

14. A composition as claimed in claim 13 which comprises from 10 to 25 % by 
weight of difluoromethane, from 35 to 75 % by weight of pentafiuoroethane, from 2 to 

6 % by weight of a hydrocarbon(s) and from 13 to 45 % by weight of 
1,1,1 ,2-tetrafluoroethane. 

15 15. A composition as claimed in claim 10 which comprises from 10 to 30 % by 
weight of difluoromethane, from 20 to 45 % by weight of pemafluorqethane, from 1 to 

7 % by weight of a hydrocarbon(s) and from 30 to 55 % by weight of 
1,1,1 ,2-tetrafluoroethane. 

16. A composition as claimed in claim 15 which comprises from 15 to 30 % by 
20 weight of difluoromethane, from 20 to 30 % by weight of pentafiuoroethane, from 2 to 

6 % by weight of a hydrocarbon(s) and from 45 to 55 % by weight of 
1.1,1 ,2-tetrafluoroethane. 

1 7. A composition as claimed in claim 1 1 which comprises from 20 to 60 % by 
weight of 1,1, 1-trifluoroethane, from 20 to 60 % by weight of pentafiuoroethane, from 

25 1 to 7 % by weight of a hydrocarbon(s) and from 1 to 20 % by weight of 
1,1,1 ,2-tetrafluoroethane. 

18. A composition as claimed in claim 1 7 which comprises from 3 5 to 60 % by 
weight of 1,1, 1-trifluoroethane, from 35 to 60 % by weight of pentafiuoroethane, from 
2 to 6 % by weight of a hydrocarbon(s) and from 1 to 10 % by weight of 

30 1,1,1 ,2-tetrafluoroethane. 
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19. A refrigeration or air c nditioning system containing a refrigerant comp siti n 
as claimed in any one of claims 1 to 18. 

20. The use in a refrigeration or air conditioning system of a refrigerant 
composition as claimed in any one of claims 1 to 18. 

21. A method for providing cooling which comprises condensing a refrigerant 
composition as claimed in any one of claims 1 to 18 and thereafter evaporating it in a 
heat exchange relationship with a fluid to be cooled. 
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28-04-94 






JP-T- 


6503832 


28-04-94 






W0-A- 


9211338 


09-07-92 






US-A- 


5403504 


04-04-95 






ZA-A- 


9109895 


17-06-93 






ZA-A- 


9109896 


17-06-93 


EP-A-509673 


21-10-92 


AU-B- 


654176 


27-10-94 






AU-B- 


1395992 


22-10-92 






JP-A- 


5239450 


17-09-93 



Perm FCT/!SA£M (pott tmutf 



t) amy ini) 



